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Understanding how to find solutions to systems of equations is a fundamental
skill in algebra that can be applied across various fields, including
engineering, economics, physics, and computer science. When faced with a
system like:

\[
\begin{cases}
2x + 2y = 43 \\
3x + 3y = 18
\end{cases}
\]

the goal is to determine the values of \(x\) and \(y\) that satisfy both
equations simultaneously. This process involves several methods, such as
substitution, elimination, and graphical analysis. In this comprehensive
guide, we will explore these methods in detail, demonstrate how to apply them
to the given system, and discuss common pitfalls and tips for solving similar
problems.

---

Understanding the System of Equations

Before diving into solution methods, it’s essential to understand what a
system of equations represents. A system is a set of two or more equations
with the same variables. The solutions are the points \((x, y)\) that satisfy
all equations at once.

In the provided system:

\[
\begin{cases}
2x + 2y = 43 \quad \text{(Equation 1)} \\
3x + 3y = 18 \quad \text{(Equation 2)}
\end{cases}
\]

both equations involve the same variables \(x\) and \(y\) but with different
coefficients and constants. Our task is to find the common solution.

---



Analyzing the System of Equations

The first step is to analyze the structure of the equations. Notice that:

- Equation 1: \(2x + 2y = 43\)
- Equation 2: \(3x + 3y = 18\)

Both equations contain similar terms, which suggests that they might be
proportional or related. Let's examine this further.

---

Method 1: Simplify the Equations

Simplifying the equations can reveal underlying relationships.

Step 1: Divide each equation by its common factor

- For Equation 1:

\[
2x + 2y = 43
\]
Divide both sides by 2:

\[
x + y = \frac{43}{2} \quad \Rightarrow \quad x + y = 21.5
\]

- For Equation 2:

\[
3x + 3y = 18
\]
Divide both sides by 3:

\[
x + y = 6
\]

Now, observe that:

\[
x + y = 21.5 \quad \text{and} \quad x + y = 6
\]

which are inconsistent because the same expression \(x + y\) cannot be equal
to both 21.5 and 6 simultaneously.



---

Method 2: Recognize the Contradiction

The contradiction indicates that the system has no solution because the
simplified forms of the equations are inconsistent.

Explanation:

- The first simplified equation states that \(x + y = 21.5\).
- The second simplified equation states that \(x + y = 6\).

Since \(21.5 \neq 6\), the equations cannot be satisfied simultaneously by
any real values of \(x\) and \(y\). Therefore, the system is inconsistent,
and the solution set is empty.

---

Implications of an Inconsistent System

An inconsistent system means that the lines represented by the equations do
not intersect at any point. Graphically, these are two parallel lines with
different intercepts, which do not meet.

Key takeaway: When solving systems, always check for consistency after
simplification to determine whether solutions exist.

---

Alternative Methods for Solving Systems

Although in this case, the simplified analysis is sufficient, understanding
other methods is valuable for more complex systems.

Method 3: Substitution

This method involves solving one equation for one variable and substituting
into the other.



Method 4: Elimination

This method involves adding or subtracting equations to eliminate a variable.

Method 5: Graphical Analysis

Plotting the equations on a coordinate plane to visually find intersection
points.

---

Applying the Substitution Method

Suppose we didn't simplify initially; we could attempt substitution.

1. Solve Equation 1 for \(x\):

\[
2x + 2y = 43 \Rightarrow 2x = 43 - 2y \Rightarrow x = \frac{43 - 2y}{2}
\]

2. Substitute \(x\) into Equation 2:

\[
3x + 3y = 18
\]

\[
3 \times \left(\frac{43 - 2y}{2}\right) + 3y = 18
\]

3. Simplify:

\[
\frac{3 \times (43 - 2y)}{2} + 3y = 18
\]

\[
\frac{129 - 6y}{2} + 3y = 18
\]

4. Multiply through by 2 to clear denominators:

\[
129 - 6y + 6y = 36
\]



\[
129 = 36
\]

This is a contradiction, confirming that the system has no solutions.

---

Graphical Interpretation

Graphing the equations provides a visual understanding:

- Equation 1: \(x + y = 21.5\), a line with slope -1 and intercept at \((0,
21.5)\).
- Equation 2: \(x + y = 6\), a line with slope -1 and intercept at \((0,
6)\).

Since these lines are parallel (same slope but different intercepts), they do
not intersect, confirming the algebraic conclusion that the system has no
solution.

---

Summary and Key Takeaways

- When solving a system of equations, always look for simplifications to
identify potential contradictions.
- Simplifying equations can reveal whether the system is consistent (has
solutions) or inconsistent (no solutions).
- In the given system, dividing each equation by its coefficient revealed
that \(x + y\) equals two different numbers, which is impossible.
- The system is inconsistent, and therefore, there are no solutions.

---

Additional Tips for Solving Systems of
Equations

- Always check for simplification: Simplify equations before attempting more
complex methods.
- Pay attention to coefficients: Recognize when equations are multiples of
each other, indicating infinite solutions or no solutions.
- Use graphing as a visual aid: Plot equations to quickly identify
intersections or parallel lines.



- Be cautious of contradictions: Recognize that inconsistent systems have no
solutions, while dependent systems have infinitely many.

---

Conclusion

In conclusion, the system of equations:

\[
\begin{cases}
2x + 2y = 43 \\
3x + 3y = 18
\end{cases}
\]

has no solution because simplifying both equations shows that they imply
different values for \(x + y\). This inconsistency indicates that the lines
are parallel and do not intersect, meaning there are no points \((x, y)\)
satisfying both equations simultaneously. Understanding how to analyze and
interpret such systems is vital for solving more complex algebraic problems
and applying these concepts across numerous scientific and mathematical
disciplines.

---

Remember: Always analyze the structure of your equations, simplify where
possible, and check for consistency to efficiently and accurately find
solutions or determine their absence.

Frequently Asked Questions

What is the first step to solve the system of
equations 2x + 2y = 43 and 3x + 3y = 18?
The first step is to write both equations clearly and consider simplifying
them if possible, or look for a way to eliminate one variable by subtraction
or addition.

Are the two equations 2x + 2y = 43 and 3x + 3y = 18
consistent?
Let's check if the equations are proportional. Dividing the first equation by
2 gives x + y = 21.5; dividing the second by 3 gives x + y = 6. Since 21.5 ≠
6, the equations are inconsistent, and there is no solution.



What does it mean if the two equations are
inconsistent?
It means that the two lines represented by the equations do not intersect;
thus, there is no solution that satisfies both equations simultaneously.

Can the system of equations 2x + 2y = 43 and 3x + 3y
= 18 be solved simultaneously?
No, because the equations are inconsistent; they do not have a common
solution.

How do you check if two linear equations are
dependent, independent, or inconsistent?
Compare their ratios. If the ratios of coefficients are equal but the ratio
of constants is different, they are inconsistent. If all ratios are equal,
they are dependent (the same line). If ratios differ, they are independent
and intersect at a point.

Is there a solution to the system 2x + 2y = 43 and
3x + 3y = 18?
No, because the equations are inconsistent; they represent parallel lines
that do not intersect.

How can we verify the inconsistency of the system
algebraically?
By multiplying the first equation by 1.5, we get 3x + 3y = 64.5, which does
not match the second equation's 3x + 3y = 18, confirming inconsistency.

What is the solution to the system if it were
consistent?
If consistent, you would use substitution or elimination to find the values
of x and y that satisfy both equations simultaneously.

Can the equations 2x + 2y = 43 and 3x + 3y = 18 be
simplified further?
Yes, dividing both equations by 2 and 3 respectively, we obtain x + y = 21.5
and x + y = 6, which clearly shows they are inconsistent.



What is the overall conclusion about the system 2x +
2y = 43 and 3x + 3y = 18?
The system has no solution because the equations are inconsistent,
representing parallel lines that do not intersect.
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In the world of mathematics, systems of equations serve as fundamental tools
for modeling and solving real-world problems. Whether in engineering,
economics, or everyday decision-making, understanding how to find solutions
to such systems is essential. Today, we delve into a specific set of
simultaneous equations:

\[ 2x + 2y = 43 \]
\[ 3x + 3y = 18 \]

Our goal is to determine the values of \( x \) and \( y \) that satisfy both
equations simultaneously. While these equations may appear straightforward at
first glance, exploring their structure, potential solutions, and the methods
used to solve them offers insight into the core principles of algebra.
Through this article, we will systematically analyze the system, uncover
whether solutions exist, and explain the methods step-by-step in a clear,
accessible manner.

---

Understanding the System of Equations

Before jumping into calculations, it's crucial to understand what a system of
equations represents. Essentially, each equation describes a line in a two-
dimensional plane, and the solution to the system corresponds to the point(s)
where these lines intersect.

The given equations are:

1. \( 2x + 2y = 43 \)
2. \( 3x + 3y = 18 \)

At first glance, these are linear equations in two variables, \( x \) and \(
y \). The key idea is to determine whether:

- The lines intersect at a single point (a unique solution),
- The lines are coincident (infinitely many solutions),
- Or the lines are parallel and do not intersect (no solution).

---



Simplifying the Equations for Clarity

Often, equations can be simplified to reveal their structure more clearly.
Let's examine each:

Equation 1:

\[ 2x + 2y = 43 \]

Divide both sides by 2 to simplify:

\[ x + y = \frac{43}{2} \]
\[ x + y = 21.5 \]

Equation 2:

\[ 3x + 3y = 18 \]

Divide both sides by 3:

\[ x + y = 6 \]

Now, the system simplifies to:

\[ x + y = 21.5 \]
\[ x + y = 6 \]

---

Analyzing the Simplified System

Notice that both equations express the sum of \( x \) and \( y \), but they
assign different values:

- First: \( x + y = 21.5 \)
- Second: \( x + y = 6 \)

Since the sum of \( x \) and \( y \) cannot simultaneously be 21.5 and 6,
these two lines are parallel and distinct—they do not intersect.

Conclusion:

- The system has no solution because there is no pair of \( (x, y) \)
satisfying both equations simultaneously.

This is a classic example of inconsistent equations, where the lines do not
meet, indicating the system is inconsistent.

---

Verifying the Inconsistency



While the algebraic simplification strongly indicates no solution, let's
verify this by attempting to find specific values:

Suppose \( x + y = 21.5 \).

From the first equation:

\[ y = 21.5 - x \]

Substitute into the second:

\[ 3x + 3(21.5 - x) = 18 \]
\[ 3x + 64.5 - 3x = 18 \]
\[ 64.5 = 18 \]

This is clearly false, confirming the inconsistency. Similar reasoning
applies if we assume \( x + y = 6 \):

\[ y = 6 - x \]

Substitute into the first:

\[ 2x + 2(6 - x) = 43 \]
\[ 2x + 12 - 2x = 43 \]
\[ 12 = 43 \]

Again, a contradiction, confirming no solution exists.

---

Geometric Interpretation

Understanding the solution geometrically provides an intuitive perspective.
Each linear equation represents a straight line on the coordinate plane:

- The first line: \( x + y = 21.5 \)
- The second line: \( x + y = 6 \)

Since these lines have the same slope (both are lines of the form \( x + y =
\text{constant} \)), they are parallel. Their different intercepts mean they
never intersect, aligning with the algebraic conclusion of no solutions.

---

Methods for Solving Systems of Equations

While the current system simplifies neatly, understanding various methods to
solve such systems enhances problem-solving flexibility. Here are the most
common techniques:

1. Graphical Method



- Plot each equation as a line on the coordinate plane.
- The intersection point(s) (if any) are the solutions.

Limitations: Visual accuracy depends on graphing precision, and it’s less
effective for complex or non-integer solutions.

2. Substitution Method

- Solve one equation for one variable.
- Substitute into the other to find the second variable.

Applicability: Best when one equation is easily rearranged.

3. Elimination Method

- Multiply equations to align coefficients.
- Add or subtract to eliminate one variable.
- Solve for the remaining variable.

Advantages: Efficient for systems where coefficients are compatible.

4. Matrix/Linear Algebra Approach

- Write equations in matrix form.
- Use methods like Gaussian elimination or matrix inversion.

Suitable for larger systems.

---

Practical Implications and Real-World Applications

Understanding whether a system has solutions or not isn’t merely academic. In
engineering, economics, or logistics, such analysis can determine
feasibility:

- In engineering: Verifying if design constraints can be simultaneously
satisfied.
- In finance: Checking if investment allocations meet multiple criteria.
- In logistics: Ensuring resource distribution aligns with constraints.

In our example, the realization that the system has no solution could
correspond to conflicting constraints in a real-world scenario, signaling the
need to revisit assumptions or constraints.

---

Summary and Key Takeaways

- The given system simplifies to two parallel lines with no intersection,
indicating no solutions.



- Simplification reveals fundamental relationships and potential
contradictions efficiently.
- Geometric interpretation helps visualize the problem, reinforcing algebraic
findings.
- Multiple solution methods exist; choosing the appropriate one depends on
the context and complexity.
- Recognizing when systems are inconsistent is crucial in practical
applications, preventing futile efforts in pursuit of impossible solutions.

---

Final Thoughts

Solving systems of equations is a cornerstone of algebra and a vital skill
across numerous disciplines. While some systems yield straightforward
solutions, others expose contradictions or infinite solutions, each scenario
offering insights into the problem's nature. In the case of \( 2x + 2y = 43
\) and \( 3x + 3y = 18 \), the algebraic and geometric analyses confirm that
no pair \( (x, y) \) can satisfy both simultaneously. Recognizing such
inconsistencies saves time and guides decision-making, emphasizing the
importance of thorough analysis in mathematical problem-solving.

By mastering these concepts and methods, students and professionals alike can
approach complex systems with confidence, ensuring accurate interpretations
and effective solutions in their respective fields.
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